Abstract: Wearing virtual reality glasses are likely to cause visual fatigue and simulator sickness. In this research, effects of controller and body postures on simulator sickness and visual fatigue are studied by conducting experiments. 32 participants were asked to finish a series tasks while wearing virtual reality glasses. They were asked to fill in questionnaires before and after each experiment to measure visual fatigue and simulator sickness. As a result, participants in standing postures have more severe symptoms of visual fatigue than in sitting postures. And participants who use traditional controllers have more severe symptoms of visual fatigue and simulator sickness than those who use head-movement controller. The result may be useful in design of the interaction of virtual reality glasses.
Introduction
The development of display technology and smart device has enabled people to experience virtual reality with very low cost. However, many users may suffer from visual fatigue and simulator sickness when wearing virtual reality glasses. In order to improve the usability and user experience of virtual reality, the adverse effect of visual fatigue and simulator sickness must be reduced. The objective of this research is to investigate the influence of body postures and controller on visual fatigue and simulator sickness.
One of the major reasons of visual fatigue is the human visual system (HVS), which forms stereoscopic image in the mind through the depth cues of images. According to the previous research (Lambooij, Fortuin, Heynderickx, & IJsselsteijn, 2009; Ukai & Howarth, 2008) , there are four factors that contribute to the stereoscopic visual fatigue: excessive screen disparity, accommodation and vergence mismatch and stereoscopic distortions. Simulator sickness is another obstacle that prevent the popularity of virtual reality glasses (Polonen, Jarvenpaa & Hakkinen, 2010) . Though viewed as separate syndrome from motion sickness, simulator sickness and motion sickness are related by many researchers as they share many symptoms (Kennedy et al., 1993) . There are four theories that explain this syndrome (Brooks et al., 2010) : sensory conflict theory, postural instability theory, eye movement theory (Ebenholtz,1992 (Ebenholtz, , 2001 ) and evolutionary theory (Treisman, 1977) . Sensory conflict theory, the most widely accepted theory, explains that motion sickness is caused by the conflict between visual and vestibular of human beings (Bles et al. 1998) .
In our research, we focused on two factors: body postures and controller. The first one is the influence of body posturewhich body posture is better for users, sitting or standing. In most condition, people use virtual reality in either standing or sitting. However, there is much difference between too body gestures. If we want to find the better usability of the device, we must determine which postures users should take. When wearing virtual reality glasses in standing posture, users can move more freely then sitting, which will give users more feedback from body movements. In standing posture, the visual information will be match the body status and thus, the simulator sickness will be less serious than sitting. The second one is the influence of the controller. When users use virtual reality device, they have many ways to interact with the device which is quite different from the traditional ways. In traditional interaction, user use keyboard, mouse and joystick to play a game. However, in virtual reality glass, people can user their gestures, head and body movements to control. The different control ways may have different effect. When users use tradition controller, the mapping between virtual world and real world is poor. And this may increase the risk of visual fatigue and simulator sickness.
Methodology
The effect of body postures and use of controller were studied, each of them has two levels. Body postures referred to the sitting posture and standing posture. When in sitting posture, participants were asked to sit in a swivel chair. They were allowed to rotate the chair without standing up. When in standing posture, subjects were asked to stand in certain area. They were allowed to move as they want. But they were not allowed to sit or hold other object. Controller was another variable which has two levels When using a traditional controller, subjects were equipped with a traditional controller to control the character in a virtual world while they were wearing virtual reality glasses. When using a head-movement controller, subjects control the character by moving head to interaction with the virtual world.
Dependent variables are user factors, including visual fatigue and simulator sickness. We used VSQ (visual strain questionnaire) to measure the severity of visual fatigue and SSQ (simulator sickness questionnaire) to measure the severity of simulator sickness. Participants were asked to fill both questionnaires before and after each experiment. In addition, the prequestionnaire can be used to test whether the subjects can participant in the experiment.
We considered to use 2*2 mixed design with 32 participants. 16 participants were asked to sit in a swivel chair and 16 participants were asked to stand. For each participant, we were asked to accomplish two tasks. In one of the task, the participants were asked to use a traditional controller and in the other task, the participants were asked to interact with head movements.
According to the experiment design, the order of the experiments for each participant were randomly disrupted. Firstly, subjects were asked to fill the VSQ and SSQ, based on which we evaluate whether the subjects were able to do the experiments. Then the subjects wore the virtual reality glasses for five minutes as we had planned. After using it for about 5 minutes, subject took off the virtual reality glasses and filled the post VSQ and SSQ. After that, they could rest for some time and then they were asked to fill the questionnaire again to check if they had recovered. If their physical condition is fine, they continued to wear virtual reality glasses to finish another task. At the end of the experiment, they filled the questionnaire and were interviewed by the experiment.
Result and Analysis
32 participants were recruited through social platform including 14 males and 18 females. The age ranged from 19 to 27( = 22.3, σ = 1.92 ). The participants are students of Tsinghua University with bachelor degree or above. And they should not have any eye disease or myopia over 500 degrees.
The scores of visual strain of preexperiment and post experiment were firstly compared. We use the difference between the result of pre-questionnaire and postquestionnaire as the score of visual fatigue in our experiment A Kruskal-Wallis H test showed that there is a statistically significant difference in visual strain scores between different postures. χ 2 = 4.079, p = 0.043, with mean rank visual strain scores of 27.91 for sitting posture and 37.09 for standing posture. From the result of the test, it is obvious that sitting posture are likely to induce more severe visual fatigue than standing postures. Kruskal Wallis H test is also used to explore the influence of posture on each symptom. However, none of the symptoms have significant difference between two postures, which suggests these symptoms may have some connection influenced by posture on the whole. In the same way, Kruskal Wallis H test is used to test the difference between using a traditional controller and using headmovement controller. The mean rank of visual strain score for traditional controller is 37.47 while the mean rank for headmovement controller is 27.53. And χ 2 = 4.773, p = 0.029, which imply significant difference between the visual strain scores of two kind of controller. Using traditional controller induces more severe symptoms than using head-movement controller. As for simulator sickness, nonparametric method is used to compare the scores of simulator sickness. Kruskal Wallis test indicates that there is no significant difference between standing postures and sitting posture (χ 2 = 0.368, p = 0.544). In aspect of controller, statistically significant difference is found between using traditional controller and using head-movement controller. χ 2 = 6.287, p = 0.012, with mean rank simulator sickness scores of 26.69 for head-movement controller and 38.31 for traditional hand held controller. In addition, among three subscores, nausea and oculomotor have been significant influenced by control style. From the result, it is clear that using a traditional controller is likely to induce more severe simulator sickness than head-movement. As for subscores, it suggests that using traditional controller is much more likely to induce nausea and oculomotor.
Discussion & Conclusion
After using virtual reality glasses, visual fatigue and simulator sickness have been much worse. In the experiment, each participant was asked to wearing virtual reality glasses for only five minutes, during which some symptoms have been greatly increased such as tired eyes, blurred vision, double vision and general visual discomfort. As for simulator sickness, almost all symptoms have been increased after experiment. However, individuals have much influence on this. From the result, we can see the range of scores is very large, from 0 to 10 or more. Some participants even relief after the experiment.
In our experiment, participants were asked to wearing virtual reality glasses in two body postures: standing and sitting. When participants at standing positions, they were likely to suffer more visual fatigue. However, there is no specific symptom have been affected by postures from the analysis. The reason to this is not certain yet. One of the possible reasons is that standing position may increase body discomfort. Compared to sitting position, people are more likely to get tired. The tiredness may affect people judgement of visual fatigue.
Body posture, from the result, have nothing to do with simulator sickness overall. However, specifically to each symptom, general discomfort has been influenced. Participants are more comfortable when standing. When participants are at a standing position, they can move freely just liked the character in the virtual world. Vestibule of the participants can sense the movement. This information can match the visual information, which can relief simulators sickness to some degree. That's why participants feel more comfortable.
From the discussion above, there are three major findings. Firstly, users suffer more visual strain in standing posture. Secondly, users suffer more visual strain when using a traditional controller. Thirdly, users suffered more simulator sickness when using a traditional controller.
The future research and design of virtual reality is to provide user with realer experience. And from our research, two methods are provided. One is to make some parts of the body to feel movement to match the visual information. The other one is to make body move and mapping the movement into the virtual world. And the experience of virtual reality glasses would be much better by providing more information on different dimensions.
